Successful ablation of accessory pathways has been achieved at the first energy delivery site in some patients, but factors permitting success at the first site are unclear. Accessory pathway location, surface and endocardial electrogram characteristics in each location were analysed and compared between the patients with first site block (group A, 34 patients) and those in whom multiple sites (median seven sites) were required (group B, 133 patients).
Introduction
Since the introduction and widespread application of radiofrequency energy for the ablation of accessory pathways, it has become apparent that some pathways are easily dealt with, conduction block occurring at the first site of energy delivery; while in other cases prolonged mapping and multiple energy deliveries are required, the reason for these differences is not clear. Furthermore, there is concern that lesions produced by radiofrequency energy may be thrombogenic or arrhythmogenic' 11 , and the requirement for radiofrequency current at multiple sites is often associated with prolonged procedure and radiation exposure. Therefore, if factors can be identified which reduce the requirement for energy delivery at multiple sites this should shorten the procedure and minimize the risk of thrombosis and arrhythmogenesis. The objective of this study was to analyse the location of accessory pathways and the characteristics of surface and local electrogram in each location to determine which parameters might relate to successful ablation with the first application of radiofrequency energy.
Methods

Patients
A consecutive series of 167 patients with 172 accessory pathways underwent successful radiofrequency catheter ablation of accessory atrioventricular pathways. A total of 163 patients had a single accessory pathway while four patients had multiple accessory pathways (the median energy delivery site for each pathway was 5, range 2-24). Pre-excitation was present in 118 patients while concealed accessory pathways were present in 49. Eight patients who had evidence of structural heart disease were excluded since this might affect the evaluation of surface and endocardial electrogram. One hundred and three patients were male and 64 female; age range 6-68 years, mean 34 ± 17 years, all had recurrent palpitations and previously documented tachycardia, atrial fibrillation or both. Most patients had failed treatment with several antiarrhythmic drugs (2-37 ± 1-67, range 1-11) due to either lack of efficacy or unacceptable side effects. In 34 patients the abolition of accessory pathway conduction was achieved at the first site of energy application (group A), while in 133 delivery at multiple sites (median seven, range 2-47) was required (group B).
Recording and analysis of surface electrocardiogram and local endocardial electrograms
A standard pre-excited 12-lead electrocardiogram (recording speed 25mm.s~\ amplification 10 mm . mV~ ', simultaneous recordings of three channels) was obtained during spontaneous sinus rhythm before the electrophysiological study and radiofrequency catheter ablation procedure. The duration of QRS complexes and delta waves, interval from the onset of QRS complexes to the peak of R wave, delta wave polarity, and QRS morphology and axis were determined. Milstein's algorithm' 2 ' was used prior to catheter ablation to localize the accessory pathway position from the surface electrocardiogram. Patients with multiple accessory pathways were excluded from surface electrocardiogram analysis. Accessory pathway localization from the surface electrocardiogram was compared to that from the ablation procedure when endocardial mapping led to successful radiofrequency ablation. Intracardiac electrograms recorded at successful sites and at the first unsuccessful site were analysed, and the following electrogram features determined: (1) local atrioventricular interval (AV); (2) interval from the onset of the earliest delta wave on surface electrocardiogram to local ventricular activation (QRS-V) (Fig. 1) ; (3) the amplitude ratio of the atrial and ventricular deflections (AV); (4) the presence of a possible accessory pathway potential (Fig. 2) ; and (5) stability of local atrial and ventricular electrograms (defined as ratio of the minimum to maximum amplitudes of the five complexes immediately preceding radiofrequency current delivery). For sites at which ablation was guided by retrograde mapping the following features were determined: (1) local ventriculoatrial interval (VA); (2) the amplitude ratio of the ventricular and atrial deflections (VA); (3) the presence of a possible accessory pathway potential; (4) stability of local atrial and ventricular electrograms. Local activation was always measured taking the peak of the first rapid deflection whether or not this was considered to be the intrinsic deflection. The method of analysis of local electrocardiograms has been previously described' 3 '. No attempt was made to verify possible accessory pathway potentials by programmed 
Electrophysiological study and catheter ablation
Electrophysiological studies were performed in a separate session in 43 patients, and immediately prior to catheter ablation in all patients. The protocols for standard electrophysiological studies and radiofrequency ablation have been described elsewhere 13 ' 4 '. In brief, ablation was achieved using a 7F deflectable catheter with a 4 mm tip and 2-5 mm interelectrode spacing (Polaris; Mansfield-Webster) inserted either into the right femoral vein or artery. After precise mapping, radiofrequency current was delivered between the distal electrode of the ablation catheter and a large skin electrode, using a 500 KHz generator (HAT 200s, Dr Osypka GmbH) at constant preset electrical power. The generator was interfaced with a computer running dedicated software for real-time display and recording of power output, cumulative energy and system impedance during each application.
Left-sided accessory pathways were approached from the ventricular aspect of the mitral annulus retrogradely via the aorta. Right-sided accessory pathways were approached by positioning the ablation catheter on the tricuspid valve annulus via the femoral vein. Posteroseptal accessory pathways were approached by positioning the ablation catheter on the medial aspect of the mitral annulus via the retrograde transaortic route, or on the tricuspid annulus or within the proximal coronary sinus via the femoral vein.
Statistical analysis
Continuous variables are expressed as mean ± SD (standard deviation). The data distributed in a nonGaussian curve was expressed by the median value. Comparisons between groups A and B were made using Student's t-test and by chi-square analysis. Univariate regression was performed to determine the relationship between the endocardial electrogram characteristics and successful outcome. Multivariate stepwise logistic regression was then performed to find the most powerful independent predictors of outcome. A probability value <005 was considered significant. Sensitivity, specificity, and positive predictive value were calculated by standard formulas.
Results
Patients
In group A (accessory pathway conduction abolished by radiofrequency at the first site) all patients had a single accessory pathway. In group B (energy delivery required at multiple sites to abolish pathway conduction), 129 patients had a single accessory pathway and four had multiple pathways (one patient had a right anterior, a right lateral and a right posterior pathway, one had a right lateral and a right posterior pathway, one had a midseptal and a left lateral, one had a right anteroseptal and a left posteroseptal pathway). An electrophysiological study had been performed separately in 43 patients (7/34 in group A, 36/133 in group B, P=0-44). Procedure and fluoroscopy times correlated positively with the number of delivery sites (correlation coefficient = 0-80 and 0-82) (Fig. 3) . The median procedure and screening times were 40 ± 28 and 8 ± 35 min respectively in group A, compared to 109 ± 67 and 35 ± 32 in group B. 
Accessory pathway location
The accessory pathway was located on the left free-wall (including left anterolateral, left posterolateral and left posterior) in 26 of 34 patients in group A, compared to in 75 of 133 patients in group B (/ ) =005). No patients with right anterior, lateral and posterior pathways had successful ablation of accessory pathways at the first energy delivery site (0.34 vs 20/133, P=003). The details of accessory pathway locations are shown in Table 1 .
Surface electrocardiogram
A single manifest accessory pathway was present in 115 patients (27 patients in group A and 88 in group B). Three patients (one patient in group A and two in group B) with normal resting surface electrocardiogram showed intermittent pre-excitation during the ablation procedure, but were mapped and ablated as for concealed pathways, and are consequently excluded from this group for the purpose of analysis. Surface electrocardiogram characteristics for patients with manifest pre-excitation are shown in Table 2 . Using the successful ablation site, as determined by mapping and fluoroscopy, as the definitive marker of accessory pathway location, Milstein's algorithm for the determination of accessory pathway location based on surface electrocardiogram characteristics was correct in 23 of the 26 patients in group A, compared to only 56 of 86 patients in group B (P=004), details are shown in Table 3 .
Local electrocardiogram
Local electrogram characteristics were compared between group A (success at the first sites) and group B (multiple energy deliveries: group BI, successful site; group BII, first unsuccessful site) for accessory pathways in left free-wall, posteroseptal and right anteroseptal locations. The local endocardial electrograms recorded at the first unsuccessful site were obtained in the last 152 patients. Two patients with invisible local atrial electrogram were excluded from the study. Right anterior, right posterior and right lateral accessory pathways were not analysed as no accessory pathway was blocked by the initial energy delivery in these locations.
Anterograde mapping Left free wall pathways
No difference was observed in the QRS-V interval between group A and group BI when the accessory pathway was located in the left free-wall. However, analysis in more detail showed that in patients with left anterolateral pathways the QRS-V interval was more negative in group A. The AV ratio was smaller and the time from the energy delivery to block of the accessory pathway conduction was shorter in group A (Table 4) . For left anterolateral pathways, all patients in group A were associated with an AV ratio <, 1 and a QRS-V interval <0ms (12/12 vs 20/33, P=002).
The QRS-V interval was more negative and the AV interval shorter in group A than in group BII (Table  4) . Univariate regression analysis showed the presence of a possible accessory pathway potential (7 ) <0-0001); the QRS-V interval (/>=00001), and the AV interval (P=00001) were predictors of success. With multivariate logistic regression, the presence of a possible accessory pathway potential (/"=0-006), the QRS-V interval (,P=0-008), and the AV interval (P=0014) were independent predictors of success. The sensitivity of a QRS-V interval < 0 ms combined with an AV interval < 30 ms was 60%, the specificity 84%, and the positive predictive value 63%. The sensitivity of a QRS-V interval <;0 ms, an AV interval <;30 ms and combined with the presence of a possible accessory pathway potential was 30%, the specificity 93%, and the positive predictive value 67%.
Septal accessory pathways
Compared to both groups BI and BII, the QRS-V interval was more negative and the AV interval shorter in group A ( Table 4) . The results of univariate regression show the QRS-V interval (P=0-005) and the AV interval (/ ) =0-005) were predictors of success (the presence of a possible accessory pathway potential, / > =0-34). With multivariate logistic regression, only the QRS-V interval (,P=0002) was the independent predictor of success. The sensitivity of the QRS-V interval ^ -10 ms was 86%, the specificity 79%, and the positive predictive value 55%. Compared to group BII, most patients in group A were associated with an AV interval <, 30 ms and a QRS-V interval ^ -10 ms (Table 5 ). The sensitivity of the AV interval <, 30 ms combined with a QRS-V interval <; -10 ms was 86%, the specificity 100%, and the positive predictive value 100%.
Retrograde mapping
Successful ablation at the first energy delivery site was achieved in six patients with concealed pathways (three in left anterolateral, two in left posterolateral, one in right anteroseptal). In group B, 43 concealed pathways Abbreviations as in Table 1 . 
Table 4 Local endocardia! electrogram characteristics. Comparison of patients with conduction block in accessory pathway at the first site of energy delivery (group A) with those in whom multiple delivery sites were necessary (group B) for left free-wall, left anterolateral, and septal locations
Left free wall QRS-V interval (ms) AV interval (ms) AV ratio TTB(s) APP antegrade mapping Left anterolateral QRS-V interval (ms) AV interval (ms) AV ratio TTB(s) Septal QRS-V interval (ms) AV interval (ms) AV ratio TTB(s) APP
Discussion
Although radiofrequency catheter ablation is now accepted as first line treatment for symptomatic patients with an accessory pathway, one limitation of this technique is the unpredictable and often lengthy procedure. In many cases lesions are delivered at a number of sites before abolishing accessory pathway conduction. This finding is supported by a positive correlation between procedure time and the number of energy delivery sites in this study (correlation coefficient = 0-8). Furthermore, radiofrequency catheter ablation might be potentially thrombogenic or arrhythmogenic. Although the results from limited follow-up studies show radiofrequency ablation is safe compared to high energy direct current ablation, long-term follow-up results are not available. For these reasons it is preferable to keep the number of sites at which energy is delivered to a minimum.
The surface electrocardiogram and its relationship with endocardial electrogram
The surface electrocardiogram was more pre-excited and the accessory pathway localization based on electrocardiogram algorithm was more accurate in those patients in whom first time block in accessory pathway conduction was achieved. This suggests that maximizing preexcitation at the start of the procedure may aid in accessory pathway localization, and enable endocardial mapping to commence in the target zone, avoiding the need for widespread mapping of the atrioventricular valve annuli. Furthermore maximizing pre-excitation may be of benefit in the precise measurement of QRS-V interval. Previous studies' 3 ' 3 ' 61 have demonstrated that the timing of local ventricular activation relative to the onset of the QRS complex (QRS-V interval) is one of the independent predictors of successful outcome. Another is the presence of an accessory atrioventricular pathway potential, which cannot always be identified. In the present study a possible accessory pathway potential was present in only 20% patients. Jackman reported the highest rate of finding the accessory pathway potential (91%), but the procedure time was quite long (average 8-3 h) since an effort was made to verify the pathway potential in all patients' 51 .
Measurement of the QRS-V interval may be influenced by the degree of pre-excitation on the surface electrocardiogram owing to the interaction of the relative timing of surface electrocardiogram and endocardial electrogram. When the surface electrocardiogram is not fully pre-excited, the QRS-V interval on the mapping electrode may suggest the catheter is positioned closer to the ventricular insertion of the accessory pathway than is actually the case, giving a falsely optimistic expectation of success with energy delivery at that site. Measurement of the QRS-V interval is most accurate when maximal pre-excitation is present. In fact, in 1989 Szabo et a/.' 71 emphasized that the measurement of local ventricular activation should be made during maximal pre-excitation so that ventricular activation has occurred predominately over accessory pathways. Measurements taken during fusion complexes may be very misleading. The degree of pre-excitation present in sinus rhythm can generally be exaggerated by prolonging conduction time through the normal atrioventricular node by pacing or with drugs such as verapamil.
Endocardial electrogram
Previously proposed endocardial electrogram criteria for selecting target sites for ablation' 3 ' 6 ' 91 were markedly different and the positive predictive value was relatively Eur Heart J, Vol. 17, July 1996 low. In Calkins' study 161 , the electrogram stability, the presence of an accessory pathway potential and a QRS-V interval ^0 ms together, had a 57% probability of success. In a study from our group, the combination of a QRS-V interval <, 10 ms and an accessory pathway potential recording resulted in a positive predictive accuracy of only 25% [3] . In contrast to these results, Silka et al. 191 found that the best correlate of successful ablation of an anterograde accessory pathway was a local atrioventricular interval ^40 ms. One possible reason may be the different methods of recording and measuring endocardial electrograms. Furthermore, the influence of accessory pathway location on the local electrogram was not considered in these studies. Recently, Cappato et al. ll0] demonstrated that for left free-wall pathways, the local electrogram criteria for predicting successful outcome are different when ablation is performed from the atrial side rather than from the ventricular side. In the present study, no difference was observed in the QRS-V and AV intervals recorded at the successful sites between group A and group BI for patients with left free-wall pathways. This result is consistent with the findings of Cappato et a/.
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. However, when we analysed the accessory pathway location in more detail, we found that the QRS-V interval was more negative in group A than that of group BI in patients with left anterolateral pathways. All patients (12/12) with left anterolateral pathways in group A had an AV ratio < 1 combined with a QRS-V interval <, ms, while in group B 13 of 33 patients had an AV ratio >1 or a QRS-V interval >0 ms CP<005).
The QRS-V interval was more negative and the AV interval shorter in patients with the first site block (group A) than those recorded at the first unsuccessful site (group BII). This result suggests that for the left free-wall an approach from the ventricular site of the mitral annulus searching for a site with a QRS-V ^0 ms and an AV interval ^30ms is the optimum method. The presence of a possible accessory pathway potential slightly increased the probability of success (63->67%) but was associated with decreased sensitivity (60-»30%) since no special effort was made to search for and validate the accessory pathway potential.
The shorter QRS-V and AV intervals, together with the fact that there was no difference in stability of the atrial and ventricular electrogram between groups A and BI, but a shorter time to block in accessory pathway conduction in group A suggests that the accessory pathway in group B was more epicardial in location or more distant from the ablating electrode.
In patients with septal pathways, the QRS-V interval was more negative and the AV interval shorter in group A than that of groups BI and BII. The positive predictive value of a QRS-V interval ^ -10 ms combined with an AV interval ^ 30 ms was 100%, which was higher than that of a QRS-V interval <, -10 ms alone.
For retrograde mapping of left free-wall and right anteroseptal pathways, the VA interval was shorter in group A and the positive predictive value of a VA interval ^30ms was 55%. These results suggest that delivery of radiofrequency energy to a site with a VA interval in tachycardia < 30 ms was associated with an increased likelihood of interruption of accessory pathway conduction at the first site.
Location of accessory pathways
Successful ablation of accessory pathways at the first energy delivery site was not obtained in patients with right anterior, lateral or posterior pathways (either manifest or concealed connections) or in patients with concealed mid septal, or right or left posteroseptal pathways in the present study. Accessory pathways ablated at the first site were more likely to be left sided in location. This is not surprising since previous reports consistently cite higher success rates for left free-wall accessory pathways compared to those in other locations'"
1 . This result, together with the finding that in each location endocardial electrogram characteristics at a successful site were different, suggests that anatomic differences in each location have important influences on the success of ablation. Characteristics of the accessory pathway (subendocardial or epicardial in location, oblique or perpendicular course, narrow or broad strand) and its relation to the atrioventricular annuli, atria and ventricular myocardium may differ with regard to site along the atrioventricular annuli. The different electrophysiological features related to locations of accessory pathways has been previously reported 1 ' 21 . It is important to consider these features when analysing local electrogram to determine appropriate target sites for energy delivery. In the present study, the influence of accessory pathway location on endocardial electrograms has been considered and the positive predictive value of electrogram criteria in this study was higher than we previously reported 131 .
Conclusion
Maximizing pre-excitation may be of benefit in achieving success at the first site since it will influence the value of the QRS-V interval and aid in precise localization of accessory pathways from the surface electrocardiogram, especially in patients with minimal resting preexcitation. Use of techniques to achieve this goal (e.g. atrial pacing, atrioventricular nodal blocking drugs) require further investigation. The location of accessory pathways may influence the success rate for ablation of accessory pathways at the first energy delivery site due to anatomic and electrical variation. Our results suggest that for manifest left free-wall an approach from ventricular site of the mitral annulus searching for a site with a QRS-V interval of <0 ms with an AV ^30 ms is the optimum method. For manifest septal pathways, the aim should be to achieve a QRS-V <, -10 ms, together with an AV interval of <, 30 ms. For concealed left free-wall and right anteroseptal pathways, searching for a site with VA interval < 30 ms was associated with an increased likelihood of success ablation at the first site.
